We investigate the possibility of scalar interaction affecting the forward backward asymmetry in the decay mode B → Kµ + µ − . Using the scalar contribution and advocating Cheng-Sher type ansatz we obtain sizable forward backward asymmetry. Furthermore, we study the effect of the scalar interaction in K + → π + µ + µ − . It is pointed out that non-zero forward backward asymmetry in B → Kl + l − , if found in future B-factories, may indicate the new physics in the scalar sector.
Standard model is very successful, as verified by the data, but it is still believed that physics beyond the standard model (SM) might be around the corner. Experimental searches are on for the same while we look into some avenue where we expect it to be observable. In this context we would like to study the forward backward asymmetries (A F B ) in B → Kµ + µ − and K + → µ + µ − , with a hope that they might be observed in future. The basic idea behind this study is that of the possible new physics in the scalar sector, i.e., through the neutral Higgs boson contribution leading to flavor changing neutral current (FCNC) at the tree level. We are therefore interested to study the forward backward (FB) asymmetries in the decay modes and some related processes which are governed by the quark level processes
To begin with, we point out that there exist many works in the literature involving these processes in the standard model framework and also in many beyond the standard model extensions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . So, we will not attempt to repeat this here but mention the salient features and use basic formulae needed, wherever necessary, to illustrate the idea.
It should be reminded here that forward backward asymmetries are identically zero in the framework of the standard model for the decay modes under consideration, i.e., in B → Kµ + µ − and K + → π + µ + µ − , since scalar interactions are absent in them and the forward backward asymmetry involves (see (8) ) the scalar term. So in order to have nonzero forward backward asymmetry we must have a scalar term, whose presence (that is nonzero FB asymmetry in B → Kµ + µ − ) will give an unambiguous signal of new physics in the scalar sector. We note that in the most elegant extension of the standard model, i.e., in MSSM one requires the extension of the Higgs sector and of course the same in many extensions of the SM.
The standard model Higgs is the most sought after particle in the upcoming collider experiments, which is the missing part in the SM so far and is expected to be discovered very soon. Then Higgs sector will be subjected to more stringent tests and possible existence of the extension of Higgs sector may be confirmed thereafter. On the other hand observation of nonzero FB asymmetry in B → Kµ + µ − or K + → π + µ + µ − will provide an invaluable clue to the existence of neutral Higgs boson contribution in this decay mode and make inroads necessary for the extension of the Higgs sector.
Unfortunately, we have not observed any A F B so far [13, 14] but in the future B experiments FB asymmetry will be investigated thoroughly and therefore we give another close look at the possibility of tree level contribution to b → sl + l − process, keeping in mind the renewed interests concerning the Z-induced FCNC in the literature and also the very recent split supersymmetry idea, where one can have tree level contributions. In order to implement the idea we use the idea of Cheng and Sher for the FCNC. FCNC suppression is naturally taken care of by the power form of the quark masses involved in the process concerned (for details see [15] ). It might be possible that we have not been able to see this kind of interaction because of the lower masses involves in the light hadron sector but in the decays involving second and third generation quarks, i.e., in b → s decays the masses being larger so there is a possibility that it might be observable in these decays, which is being subjected to tests in the currently running B factories and so will continue in the future B-experiments.
Whether or not we will be able to see any existence of tree level FCNC contribution will be verified in the future B related experiments but at least from theoretical point of view we would like to see whether it does make any sense or not, i.e., whether we can really have any indication of new physics, at least with this kind of idea. We take the ansatz as (
where m i,j are the masses of the quarks involved and v is the vev.
Here we present the relevant formulae used and provide some details, which are necessary.
The most general effective lagrangian for the decay mode B → Kµ + µ − can be written as
where p µ is the four-momentum of the initial B meson and the F i 's are functions of Lorentzinvariant quantities. F S,P are absent in the SM but since our objective is to study the effect of scalar interactions we deliberately keep them in our calculation and would like to see the possible effects, if any. It should be noted here that the tensor type interaction is not independent since it can be reduced to a combination of scalar and vector terms.
In this work our objective is to study the effect of scalar interaction in the A F B in rare semileptonic B decays. Therefore, we start with the effective lagrangian for b → sl + l − including the new physics effect due to scalar type interaction:
where, c (S,P ) → 0. The detailed expressions of the operators can be found in the literature (see for example [6] ).
We use the following hadronic matrix elements responsible for the exclusive decay B →
where, q µ = (p − k) µ is the four-momentum transferred to the dilepton system. Further, employing equation of motion for s and b quarks, we obtain
The form factors defined above (f 0 , f + and f T ) are functions of the invariant mass of the dileptons. The two dimensional spectrum is then given by
where,
l /s. Furthermore, we have defined θ as the angle between three momentum vectors p l − and p s in the dilepton center of mass system. Also note that the values s and θ are bounded by 4m
The forward backward asymmetry [1] is defined as
which for the process under consideration is given by
The dilepton invariant mass spectrum, dΓ/ds can be obtained by integrating the distribution (6) with respect to cosθ, which can be read as
F i 's used in the above formulae are combination of Wilson coefficients and s-dependent functions (f i 's), which are
In the above we have used the Wilson coefficients as 
with
where use has been made of y i = 4m 
Using the formalism presented above, we would like to see the possibility of observing nonzero FB asymmetry, and if found then it will indicate clearly the presence of new physics in the scalar sector. In order to visualize that we use the NNLO Wilson coefficients and use the Cheng-Sher formalism to calculate the appropriate scalar coefficient (c S ). Yukawa interaction between scalar and fermion can naturally exist (see for example [19] ) and can be taken in the form
where the ... denotes the contribution from the up quark sector. In the above the scalar doublet φ 2 mediates the FCNC d i ↔ d j at the tree level, with nonzero ξ ij . In order to compute the FB asymmetry we have incorporated the idea of Cheng and Sher [15] and
where, ξ is a dimensionless parameter, and λ's are expected to be order one. In fact the values of λ's can be taken in the range λ bs ∼ 1 − 10 and λ µµ ∼ 1. B s −B s mixing can provide dominant contribution to the λ bs and thus it could be bounded from that but with the available lower limit of ∆M Bs > 9.5 × 10 −12 GeV gives no constraint on λ bs , since the SM contribution exceeds this value. When there will be a measurement then we will be able to constrain λ bs more meaningfully. In the absence of that let us try to explore other options at hand. In the literature Z → bs interaction vertex has been used to constrain the λ bs coupling and in Ref. [20] it has been obtained that λ bs < 10, while for λ µµ we will use the value λ µµ ≃ 1. On the other hand in Ref. [6] using model independent analysis it has been inferred (using the upper limit of B → K * µ + µ − ) that the scalar/pseudoscalar coefficient can be at most R S,P = 4 (in fact the set of R S = 4 (maximum) and R P = 0 was obtained to be the most preferable option), where
, and R S,P ≡ m b c S,P . c 
[21]) and we use the same to constrain λ bs , which is found to be λ bs ∼ 3.5. Furthermore, we recheck that this is well within the maximum limit obtained in [6] . In this analysis we have used the value of the scalar Higgs mass to be 150 GeV.
It should be noted that in [6] the authors have studied the effect of Higgs boson contribution on the A F B in two Higgs doublet model (THDM)-type-II and MSSM with minimal flavor violation and large tanβ, with 40 ≤ tanβ ≤ 60. Moreover, the tanβ dependence is strong which appears as tan 2 β and the effect of the neutral Higgs boson is taken at the loop level. In contrast, here we have considered the tree level scalar contribution (ξ bs ξ µµ /m 2 H ) for the A F B with the Cheng-Sher type ansatz. Our calculation is based on tree level contribution instead of loop effects as in [6] and also we have not used any strong dependence like tan 2 β (with 40 ≤ tanβ ≤ 60). Although we have not considered any specific model but the tree level contribution is similar to THDM (type-III). In order to constrain the FCNC coupling we have used the latest result on B s → µ + µ − and also checked that it does not contradict any existing bound. Before proceeding further, we would like mention here that if nonzero A F B is found then it may not be immediately possible to infer whether it corresponds to tree level contribution or a loop effect and hence more careful studies are required to distinguish the same. But given the simplicity of our model and no strong dependence on any model dependent parameter (apart from the FCNC, which is ensured to be very small with the use of Cheng-Sher type ansatz) our explanation will be preferred over the other explanations. In a sense it may be meaningful to say that it may indicate to the one like THDM-(type-III), but not necessarily.
Using the parameters mentioned above and using the relevant input parameters (like, m B =5.28, m K =0.5, m π =0.14, m b =4.6, m s =0.15, m τ =1.78 and m µ =0.105 in units of GeV [22] , α=1/128) we plot the forward backward asymmetry as a function of the invariant mass of the dileptons, which is presented below. The branching ratio for B → Kµ + µ − is obtained to be 6.8 × 10 −7 , including scalar interaction (as compared to the experimental value 5.6 +2.9 −2.4 × 10 −7 [22] ). can arise at the level of few percent due to the scalar type interaction and the integrated FB asymmetry over the whole dilepton invariant mass is found to be around a percent level. We have also studied the affect of scalar type of interactions in the forward backward asymmetry 
Since this process is also well studied in the literature, we do not mention here the details explicitly. Following [3] and using the same idea, as above, we plotted the forward backward asymmetry in the decay
a function of the lepton invariant mass. Using scalar interactions and Cheng-Sher ansatz we found (f S ∼ 1 × 10 −6 ) and used
, where a + , b + and ω are parameters as used in [3] , which are extracted from the experimental data. Here we have used the value of λ ds ∼ 0.08, which is extracted from the K 0 −K 0 mixing and λ µµ ∼ 1. From the figure it can be seen that nonzero A F B can be obtained with scalar type interaction. It should be noted here that
) is accessible to future experiments such as the CKM experiment at Fermilab [23] . The branching ratio obtained for
(whereas the experimental value is (8.1 ± 1.4) × 10 −8 [22] to be also sizable and could be detectable. In fact, the non-zero A F B in B → Kτ + τ − will be one of the best tools, in near future, to establish the new physics. It should be pointed out that in order to detect 2% forward backward asymmetry, say in B → Kµ + µ − with branching ratio at the level of ∼ 6 × 10 −7 and at 3σ level, around 10 10 B's are needed. To conclude, we note the fact that forward backward asymmetry in B → Kl + l − (l = µ, τ ) and K + → π + µ + µ − is a powerful tool to observe new physics. We hope, in the coming years, it will be possible to observe the non-zero A F B and in that case it may establish the existence of scalar interaction, otherwise, the scalar interaction will be severely constrained as a source of new physics, at least for the rare B and K decays. 
